The authors studied the fracture mechanical properties under half-symmetric loading in this paper. The stress distribution around the crack tip and the stress intensity factor of three kinds of notched specimens under half symmetric loading were compared. The maximum tensile stress σmax of double notch specimens was much greater than that of single notch specimens and the maximum shear stress τmax was almost equal, which means that the single notch specimens were more prone to Mode II fractures. The intensity factors KII of central notch specimens were very small compared with other specimens and they induced Mode I fractures. For both double notch and single notch specimens, KII was kept at a constant level and did not change with the change of a/h, and KII was much larger than KI. KII has the potential to reach its fracture toughness KIIC before KI and Mode II fractures occurred. Rock-like materials were introduced to produce single notch specimens. Test results show that the crack had been initiated at the crack tip and propagated along the original notch face, and a Mode II fracture occurred. There was no relationship between the peak load and the original notch length. The average value of KIIC was about 0.602 MPa×m 1/2 , and KIIC was about 3.8 times KIC. The half symmetric loading test of single notch specimens was one of the most effective methods to obtain a true Mode II fracture and determine Mode fracture toughness.
INTRODUCTION
In-plane shear (Mode II) rock fractures have attracted increasing interest of researchers in mining and geological and rock engineering. A lot of test methods have been proposed to study Mode II fractures of rock and concrete, such as the four-point bending test [1] [2] , punch-through shear test [3] [4] ˈfour-point shear [5] ˈcompression shear [6] ˈcompact tension-shear [7] and half symmetric loading test [8] [9] [10] . The test results show that Mode II fracture toughness can be obtained through a half symmetric loading test for concrete [11] . The shear stress around the crack tip is much higher than the tensile stress, which is perpendicular to the original crack face for a half symmetric loading specimen. The crack propagates along the original crack face and there is no relationship between the Mode II fracture toughness, KIIC, and initial fracture length. However, KIIC increases with the increase of the length and the decrease of the height of the specimens. It is therefore suggested that the half symmetric loading test would be a potential effective method to determine Mode II fracture toughness. In this paper, we use white cement to simulate rock-like materials and specimens with a central notch, double edge notches, and a single edge notch under half symmetric loading to study the fracture mechanical properties.
EXPERIMENT SCHEME
The experimental rock-like materials were produced by white cement and the mechanical parameters such as tensile strength, σt, compressive strength , σc, Elastic modulus, E, Poisson ratio,μ, Mode I fracture toughness, and KIC, are listed in Table 1 . As shown in Figure 1 , specimens with a central notch, double edge notches, and a single edge notch were prepared. Two cushion blocks were used to apply half symmetric loading. The specimen was of a rectangular shape measuring 70mm ×70 mm × 30 mm. Notches were prefabricated and the crack length, 2a, was about 20mm. The electric hydraulic servo testing machine was introduced and the loading rate was set at 5 mm/min. The peak value of the load, PM was recorded during the experiment. 
FINITE ELEMENT SIMULATION
The stress intensity factor (SIF) is an important index of brittle fractures which consider the singularity of the crack tip stress and effectively reflect the strength of the elastic stress field of the crack tip [12] [13] . In comparison to the traditional displacement extrapolation method, the interaction integral method offers better accuracy, fewer mesh requirements, and ease of use [14] [15] [16] [17] .
An auxiliary field of the crack tip is established to separate and obtain the Mode I and Mode II stress intensity factors in the real field for the interaction integral method. Around the crack tip, the auxiliary field must satisfy the equilibrium conditions, the physical equations, and the geometric relationship of any possible displacement field and stress field [18] .
The interaction integral is defined as: For the plane problem, KIII can be ignored and 1
. The Mode I and Mode II stress intensity factors can be obtained through the two interaction integral calculation:
The interaction integral method of finite element software ANSYS was adopted. The mesh for the different type specimens is shown in Figure 2 caused by sustained loading may be compression failure. The σmax and τmax were shown at the crack tip for double notch specimens and only τmax was shown at the crack tip for single notch specimens.
The σmax of double notch specimens was much greater than that of single notch specimens in the case of crack length 2a. However, the maximum shear stress values were almost equal, which means that the single notch specimens were more prone to Mode II fractures. The results for the three different specimens are listed in Table 2 . For central notch specimens, the stress concentration was not obvious under half symmetric loading. Intensity factors KI, KII, and the KII/KI ratio were increased with the increase of a/h (see Figure 5 ). 
EXPERIMENTAL RESULTS AND ANALYSIS
In order to verify the results of finite element calculation and obtain a true Mode II fracture, single notch and double notch specimens under half symmetric loading were adopted to determine the Mode fracture toughness of rock-like materials. The strain distribution of the crack tip was measured on the surface also (see Figure 6 ). Specimens of the same size as those used with the finite element method were used here as well. Figure 8 shows the variation of strain and stress loading times. It can be seen that the crack tip strains (such as ε1, ε2, ε3, εmax, εmin) were significantly greater than other location (ε4), meaning that the stress concentration effect of the crack tip was obvious; this would then lead to fracture (see Figure 8(a) ). The angle of the maximum principal stress and strain gauge ε1 was about 30e, which agrees with the Mode I fracture under pure shear loading [19] . Thus, for the double notch specimen, the true Mode II fracture can't be obtained under half symmetric loading, which agrees with the numerical simulation results listed in Table 2 . 
CONCLUSIONS
Fracture mechanical properties under half symmetric loading are analyzed in this paper. The stress distribution around the crack tip and stress intensity factors of three kinds of notched specimens under half symmetric loading were compared through the interaction integral method of ANSYS.
The maximum tensile stress σmax of double notch specimens was much greater than that of single notch specimens and their maximum shear stress values τmax were almost equal, meaning that the single notch specimens were more prone to Mode II fractures.
For central notch specimens, the intensity factors KII were very small compared with other specimens and a Mode II fracture was not easy to obtain because of the lower tensile strength of brittle materials. For both double notch and single notch specimens, KII was kept at a constant level and did not change with the change of a/h. For single notch specimens, KII was much larger than KI, and KII had the potential to reach its fracture toughness KIIC before KI and Mode II fractures ĝrednia wartoĞü KIIC była około 3,8 razy wiĊksza niĪ wartoĞü KIC. PĊkniĊcia w górnej czĊĞci były znacznie wiĊksze niĪ w innym miejscu, co oznacza, Īe koncentracja naprĊĪeĔ pĊkniĊcia w górnej czĊĞci była oczywista, co z kolei moĪe prowadziü do pĊkniĊcia. Kąt maksymalnego głównego naprĊĪenia wyniósł około 30°, co było zgodne z pĊkniĊciem w trybie I w warunkach czystego obciąĪenia Ğcinającego. Badanie półsymetrycznego obciąĪenia próbek z pojedynczym karbem okazało siĊ byü jedną z najskuteczniejszych metod uzyskiwania prawdziwego pĊkniĊcia w trybie II i okreĞlenia odpornoĞci na kruche pĊkanie.
